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FOREWORD

This document is the final report by the Naval Research Laboratory, Wash-
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(EMATS) was the RADC Project Engineer.
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SECRET ABSTRACT

(S) The report contains spectral measurements of backscatter return
from the surface of the sea via ionospheric paths. Data was also taken of the
return spectra of land and land-sea boundaries. The data was taken in con-
junction with the operation of the high power Madre OHD radar at Randle Cliff,
Maryland. The results show that it is not possible to classify the sea clutter
into components due to the reflecting surface and the refracting ionosphere.
The conclusion reached is that the ionospheric movement is the dominant form
and accounts for most of the backscatter spectral composition.
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EVALUATION

(U) This program is one in a continuing effort under System 673A to
investigate phenomena and promising techniques for use in present and future
OHD application.

(S) The objective of this effort was to study, investigate and run ex-
perimental tests to determine the coefficient of OHD backscatter clutter from
sea water using the high power Madre radar at Randle Cliff, Maryland. The
areas of investigation consisted of clutter, amplitude, and doppler spectrum
functions of various operational variables such as: operating frequency,
range, mode, azimuth, pulse width, etc. Using these measurements, attempts
were made to separate the returned spectrum into components due to the re-
flecting surface (the sea) and the refracting ionosphere.

(S) Experimental data was obtained looking at the backscatter from the
sea alone, a land sea boundary, and at land masses only. In looking at the
sea clutter only, an LST ship was used to sail on a predetermined course to
act as a target and record the condition of the sea. Experimental data was
also taken during sunrise periods when OHD signals undergo their most drastic
fluctuations.

(S) The processing equipment used for the most part on this program was
the analog processor with 25 dB dynamic range and 1/10 cycle analysis resolu-
tion. It was anticipated at the outset to use the new 60 dB dynamic range
digital processor with 0.037 cycle spectral analysis capability. However, the
equipment was late in being delivered and consequently, only used briefly.

(S) The conclusion reached is that it is not possible to classify the
sea clutter into components due to reflecting surface and refracting ionosphere.
The ionospheric movement Is seen as the dominant factor and accounts for most
of the backscatter spectrums compos 4 tion.

(U) Additional information relating to this effort was reported in ARPA
meeting proceedings of 17-18 May 67, in a paper entitled "Some Skywave Radar
Constraints." It was also published as NRL report 1811 in Oct 1967.

S(STIEF TT3R
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I. INTRODUCTION

(S) This investigation has been concerned with the spectral measurement
of backscatter returns from the surface of the ocean via ionospheric paths.
Some data was also taken of the return spectra from land-sea boundaries. The
data has been taken in conjunction with the operation of the high-power Madre
OHD radar at Randle Cliff, Maryland.

(S) A sufficient body of spectral data should enable one to determine
the ultimate limits of MTI methods when applied to HF radar operation where
the backscatter itself has spectral components in the same frequency region
as targets with low apparent doppler. Such data will aid in planning radar
defense systems against the SLBM threat. The data will also provide informa-
tion for HF OTH operation against maneuvering aircraft and those which are
travelling nearly broadside to the radar beam. In addition, there is the
possibility of detecting moving ships beyond line-of-sight via an ionospheric
mode. Such MTI detections will be possible only when the backscatter spectral
width is narrow (approximately 1 Hz or less).

II. BACKGROUND

(S) Over-the-horizon detection systems can use backscatter clutter re-
jection techniques employing fixed-width rejection filters centered on the
fundamental and the harmonics of the operating PRF. Most of the Madre work
has been with such filters, and only targets with dopplers above 5 Hz have
been displayed. This 5 Hz doppler corresponds to a 75-knot target for opera-
tion at a 19 MHz transmitting frequency. A better understanding of the clutter
variability both in amplitude and frequency content may enable OTH radar de-
signers to use adaptive filtering techniques to reject only where the clutter
is and thus maximize available doppler for targets. The system regularly
detects Polaris missile launches from the Cape Kenneay area, a distance in
excess of 600 nmi over the ground from the radar site at Randle Cliff, Md.
During the early part of the Polaris test program the detections were of pad-
launched vehicles. As the program moved along and missiles were installed arid
test fired from the Polaris submarines, the detections were against missiles
launched from the submarine's silo while cruising submerged off Cape Kennedy.

(S) The Madre experimental radar is a coherent pulse doppler monostatic
system with 4.6 megawatt peak and 100 KW average power operating in the fre-
quency range 10-27 MHz. It makes over-the-horizon detections via an
ionospheric path and thus overcomes the inherent line-of-sight range limita-
tion. In the receiving section of the system crystal comb rejection filters
F'e used to eliminate the backscatter components of the signal. The crystal
comb filters have fixed notches at the PRF lines which have a I Hz width 60
dB down and 12 Hz width 3 dB down. The present crystal comb filters have
sections centered on 100 KC (corresponds to 0 doppler) and at points + 0.5 Hz
and + 1 Hz from the 100 KC point which corresponds to 0 doppler. These
notches are set on a large number of the PRF harmonics. Table I shows radial
velocity in knots for various wavelengths, all for a doppler of 1 Hz.

1
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f (MHz) x (Meters) V (Knots) fd (Hz)

5 60 58.2 1

10 30 29.1 1

20 15 14.6 1

30 10 9.7 1

40 7.5 7.3 1

Table I

A. Processing Equipment

(S) During the first part of this study the spectral data was obtained
with a drum analog processor and analysis filtering system of about 25 dB
dynamic range and 1/10 cycle analysis resolution. Our original plan called
for analysis via the 60 dB dynamic range digital processing equipment devel-
oped by GE with ARPA funding. This equipment was not available for the type
of spectral analysis required by this study until the fall of 1967. Details4
of the 60 dB digital processor may be found in NRL Memorandum Report 1787.
For operation in a spectral analysis mode the resolution bandwidth can be
narrower than the analog processor, i.e., .037 Hz vs 0.1 Hz, and, of course,
there is approximately 35 dB increase in dynamic range with the digital
processor.

(S) The analog processor aside from the comb filters cuts off doppler
signals below 5 Hz, while the newer digital processor's lower cutoff is 2 Hz.
In order to view backscatter spectral character, the return signals are offset
by an appropriate setting of the receiver local oscillator and are displayed
without any degradation. Also the crystal comb filters are bypassed so that
the usually unwanted earth backscatter returns are treated the same as targets.

B. Experimental Data

(S) Figures 1 thru 8 show the backscatter amplitude-range and amplitude-
frequency characteristics during the LST ship test on March 22, 1967. Time
is EST.

(S) In Figures 1 and 6 calibration ;ignals appear at 450 nmi intervals
and correspond to 1 MV peak to peak signals at the radar antenna terminals.
This is a nominal 50 a impedance point. 'The transmitted radiation was a
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300 microsecond cosine squared pulse. During the time interval covered by
Figures 1 thru 5, the LST was cruising approximately broadside to the radar
beam at a ground range of 889 nmi from the Madre radar site. Figures 2 and 3
show spectral scans at 90 second intervals from a range gate covering 805
to 845 nmi. This range gate does not cover the LS' position. However,
the position is covered by Figures 4 and 5. Two synthesizers are used to
provide calibration signals 2 cycles above and 2 cycles below the carrier.
Resolution is 1/10 cycle and the calibration level corresponds to a 4.9 X
107 m2 at 890 nmi. The analyzer storage time is 20 seconds.

(S) Figures 7 and 8 show spectral scans taken during the afternoon of
22 March. The transmitted frequency was lowered to 15.53 Mc to maintain
coverage of the LST position. At 14:14 EST, the LST was at a point 859 nmi
ground range from the radar. Prior to 14:14 the ship was moving along a
radial toward the radar site (bow aspect), at 14:14 it turned 900 and proceeded
east presenting a broadside view. The ship continued on the broadside course
until 1630 when it again turned 900 and proceeded on a radial away from the
radar site. For both of these figures a 5.6 X 10 7m 2 target at 900 nmi would
present the same level signal as the calibration. In all the spectral scan
a signal 20 dB below the calibration level, corresponding to a a- 5 X 105m
would just be visible.

(S) During the period prior to 14:14 when the LST was cruising along a
radial toward Washington, its doppler would be about 0.8 cycles on the high
side of the carrier. Nothing like this shows on Figure 7. Model measure-
ments by Mr. Joseph Green of ITT-EPL on a Fletcher-class destroyer show a

7 1 03 at bow aspect using vertical polarization for an equivalent HF
frequency of 7.41 Mc. Values for the LST should be within a few dB of the
destroyer measurements. From these figures it appears that the LST was
probably 20 dB lower in cross-section than our minimum detectable a.

(S) The scan pictures do show spectral configurations. In Figures 2 and
4 there are times when the spectra has single and double peaks. The double
peak separation is about 1.5 Hz with one peak above and one below the carrier.
In Figures 7 and 8 the double-peak separation is about 0.8 Hz. The ship
reported wave heights 3-4 feet with periods 7-8 seconds during the data period
represented by Figures 1-8. The wind direction was approximately at right-
angles to the radial from the radar site. After 11:00 EST the gates were
close to the front edge of the backscatter which may account for the filled-
in character of the spectral scans. Under these conditions slow-moving tar-
gets (apparent doppler < 1 Hz) will be difficult to detect.

(S) If one assumes there are sea waves travelling radially to the antenna,
both approaching and receding in this large patch of ocean surface, simple
theory predicts a large reflection when the sea wavelength L - '(x=radio

wavelength). Under these conditions the e aration of the appr~aching and

receding spectral peaks would be af 2
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From the data:

At 19.27 Mc, Af = 0.9 Hz

while at 15.53 Mc, Af - 0.8 Hz

(S) The apparent agreement between experiment and theory at 15.53 Mc
should be treated cautiously because there is nothing that prohibits the
ionosphere itself from behaving similarly to the ocean surface and with
comparable statistics.

(S) Figure 9 shows a series of spectral scans of the backscatter during
a sunrise period. The returns were from the ocean surface. This data shows
a strong tendency for the spectrum appearing on the high side of the carrier,
corresponding to approach doppler. With time the spectral width decreases
and its position moves closer to the carrier. As the scatter moved closer
in range, the gated position was moved to correspond to the position of
maximum backscatter amplitude. The spectrum width remains at about 1.5 Hz
for about 20 minutes before narrowing down to a cycle or less.

(S) Another set of spectral data is shwon in Figures 10-17. In this case
the processing system is the new 60 dB dynamic range digital equipment. Again
the backscatter amplitude range prints show returns from the surface of the
ocean and the range of the spectral sample points may be noted. The spike
below +3 Hz is an undesirable 60-cycle component which has folded back into
the spectral analysis region of interest. Calibration spikes above and be-
low the carrier appear in each print. During the morning there are some
double peaked spectra with separations of approximately 1 Hz. The noise level
for each scan on Figure 11 corresponds to a signal at the iniput to the receiver
of about 40 vV peak to peak. This corresponds to a cross section of 9.7 X
10 3m2 For this calculation the range is taken as 1575 nmi and only spreading
loss has been considered. At 1726 GMT there is a low level line at -1.9 Hz
at a 60 pV level. The line is 1.1 Hz below the lower spectral peak and
corresponds to a lj-not target. This level signal corresponds to a cross
section of 22 X 10 m . Figure 12 is a composite doppler time picture of the
same time period covered by Figure 11. The double-peak character is evident
as well as spectral differences between the sample range positions.

(S) In Figures 14 and 15 the noise level is about 40 0V. A signal at
this level and at the range ol the sample (818 nmi) would correspond to a
target of cross section 687 m if only spreading loss is assumed. For an
estimated path loss of 10 dB the cross section would be 6870 mi2 . Again the
composite doppler time analysis on Figures 16 and 17 exhibits the longer time
movements in the spectral composition of the backscatter return.

(S) Some calculations were made to determine the backscatter cross section
coefficient oo (cross section per unit intercepted area) for the data taken

during 12/20/67. Table II summarizes the results.

12
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Time f (MHz) Range O
(GMT) (NM) m2 /m2

1649 22.935 1500 0.55 X 10-
-3

1600 0.39 X 103

1906 15.595 800 1.2 X 10-3

900 1.1 X 10 3

Table II

(S) These values for co are based on backscatter amplitudes taken from
Figures 10 and 13. A predicted path loss was also included since the actual
path loss is unknown. The a values have a spread of about 5 dB which is
reasonable. Some limited data was taken of the spectral backscatter returns
from a land-sea boundary. The returns were from the coastline of 0he Sea of
Labrador. There were no spectral characteristics which appeared to stand out
examining the backscdtter spectra as a function of gated range positions
across this particular boundary.

(S) Other spectral data has been taken of the backscatter returns from
the interior of the U.S. There are times when its spectral composition is no
different than returns from the ocean surface. Double peak spectral returns
appear, leading one to infer that the ionosphere may be the predominant con-
tributor to spectral character and not the movements on the surface.

III. CONCLUSIONS

(S) This study has produced a base of backscatter spectral data which
will enable intelligently attacking the problem of detecting slow moving,
over-the-horizon targets in a clutter environment. It does appear that there
may be times when the spectral composition is such that slow-moving targets
such as ships and aircraft passing close to broadside can be detected. The
minimum detectable signal for the data represented by Figures 11, 14, 15 is
in the cross section region which one might expect from a destroyer of the
Fletcher class. Some cooperation from the ionosphere is essential to enable
one to discriminate on a spectral basis. The new 60 dB dynamic range signal
processor has the essential features to provide this discrimination but it
can only do this when the backscatter spectra doesn't mask the expected
target spectral line. The full potential of the new processor was not utilized
in this study because the equipment was not available for use until the end
of the contract period. Future work will involve regular surveillance of the
areas known to contain large fast ships. Ship positions will be known so that
the spectral sample positions may be set accordingly.

22
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(S) It was not possible to classify the sea clutter into components due
to the reflecting surface and the refracting ionosphere. Our conclusion is
that the ionospheric movement 'is the dominant force and accounts for most of
the backscatter spectral composition.

(S) The values of oo shown in Table II are consistent with ao data de-

rived from line-of-sight measurements. In general a a 1 X 10 m /m
is a representative value.
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